Interstitial waters in sediments below 400 (Site 798) and 435 meters below seafloor (Site 799) have chloride concentrations of 516-527 and 501-515 mM, respectively, lower than the 540 mM of the modern-day Japan Sea. The chemical composition of interstitial waters, bulk sediments, clay-size sediment fraction, and carbonate nodules from Oki Ridge (Site 798) and Kita-Yamato Trough (Site 799), Japan Sea, reflect in-situ diagenetic processes superimposed on geochemical signals that may indicate freshening of Miocene local marginal basin waters. Interstitial waters at both sites exhibit changes in chemical composition which coincide with the occurrence of low-porosity and high-bulk density layers composed of dolomite and opal-CT, which impede diffusive communication with the overlying interstitial waters. Based on interstitial water stable isotope evidence and mass-balance calculations of chloride dilution, diagenetic reactions that involve the release of structural bound water from opal-A and/or clay minerals contribute to the observed geochemical signals, but cannot account for all the measured chloride dilution.
INTRODUCTION
The Japan Sea is a backarc basin formed by multiaxial rifting in a continental arc setting (Ludwig et al., 1975; Gnibidenko, 1979; Ingle, 1975 . Initial rifting occurred in the earliest Miocene, 18-20 Ma (Ingle, 1975 Kaneoka, 1990) . Within the marginal sea, structural highs with water depths on the order of 500-m separate basins of oceanic water depths (>3000 m) (Fig. 1) . The basin basement rocks are basaltic . At one structural high, Oki Ridge, basement is inferred, from dredged rock samples, geophysical data, and extrapolation from terrestrial outcrops, to be continental rocks of granitic composition Tamaki, 1988) . Based on geophysical data, the Kita-Yamato Trough is thought to be a failed spreading rift (Tamaki, 1988) .
The modern Japan Sea is isolated from communication with open Pacific deep and intermediate water masses by shallow (<150 m) sills. Warm, saline Pacific surface water enters the Japan Sea from the south via the Tsushima Strait. Cold surface water enters the Japan Sea from the north via the Korean-Liman current (Ingle, 1975) . Severe winter cooling and freezing of surface waters in the northern Japan Sea promote vigorous thermohaline circulation. The water column is well mixed, with uniform salinity (34 g/kg) and dissolved oxygen (112 mM/L) depth profiles (Ingle, 1975; Matoba, 1984) .
Based on biostratigraphic evidence observed during Ocean Drilling Program (ODP) Legs 127 and 128, the Japan Sea region has experienced both periodic isolation and open exchange with the Pacific Ocean (Tamaki, Pisciotto, Allan, et al., 1990; . Many repetitions of light and dark sediment cycles indicate that the Japan Sea has experienced times of well-ventilated bottom water alternating with times of stable stratified water column ; also see Follmi et al., this volume) . This paper reports the results of shipboard and shore-based analysis of interstitial water, bulk and clay-size-fraction sediment, and carbonate nodules from Oki Ridge (Site 798) and Kita-Yamato Trough (Site 799), drilled during Leg 128. The objective of this study is to interpret observed anomalies in the dissolved chloride distribution by examining interstitial water strontium, oxygen, and hydrogen isotopic composition and changes in bulk and clay-size-fraction sediment chemical and mineralogical composition. Interstitial waters in sediments below 400 m (Site 798) and 435 m (Site 799) have chloride concentrations of 516-527 and 501-515 mM, respectively, lower than the 540 mM of the modern-day Japan Sea.
Site 798 is located at Oki Ridge, a topographically isolated structural high in the southeastern Japan Sea (Fig. 1) . The primary site objective was the recovery of a paleoceanographic reference section. Drilling at Site 798 recovered a sequence of Pliocene-Pleistocene cyclic sediments that record major variations in productivity, dissolved oxygen, deposition of terrigenous clays, and explosive volcanism (as abundant ash layers) within the Japan Sea . Basement was not reached at this site.
Site 799 lies in Kita-Yamato Trough (Fig. 1) . One objective of this site was the recovery of a section typical of volcanogenic massive sulfide deposition related to rifting in a backarc environment. Geophysical data and dredged samples of granite show that the Yamato Rise represents a continental fragment isolated during early Miocene seafloor spreading in the proto-Japan Sea (Ingle, 1975; Ludwig et al., 1975; Gnibidenko, 1979; . Spreading ceased at this site, leaving a failed rift graben that accumulated Miocene to Holocene sediments. Though massive sulfides were not encountered at Site 799, a 24-m-thick altered rhyolitic tuff breccia was recovered, correlative with similar rocks that host some of the Kuroko massive sulfide ores in northern Japan ; also see Scott et al., this volume) . Common plant debris, biotite, and immature sands within turbidite units indicate that this site was near an island or continental shoreline within the complex of basins characterizing the early Miocene paleogeography of the Japan Sea . Ash layers are abundant in sediments of Holocene to Miocene age. Ash layers are less abundant in sediments below 450 m below seafloor (mbsf) than in overlying layers, and none was observed between 470 and 560 mbsf ; also see Pouclet et al., this volume).
METHODS

Interstitial Water Sample Handling and Shipboard Techniques
During Leg 128, interstitial waters were extracted according to standard shipboard procedures . Shipboard measurements include pH, alkalinity, salinity, -45°^T
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Jamato Basin Figure 1 . Location of drilled sites of ODP Legs 127 (dots) and 128 (circled dots) and DSDP Leg 31 (squares). Bathymetry is in meters.
chloride, sulfate, phosphate, ammonia, silica, magnesium, calcium, strontium, potassium, lithium, and manganese. Shipboard interstitial water analyses were performed using the procedures described by Gieskes and Peretsman (1986) .
Shore-based Sample Handling and Analytical Techniques
Interstitial water oxygen, deuterium, and carbon isotopic ratios were determined by Global Geochemistry Corporation, Canoga Park, California, using standard mass spectrometric techniques. Carbon isotopes were determined using CO 2 . The data are shown in per mil enrichments of the isotopic ratios The Sr isotope analyses were done in the laboratories of the Baylor Brooks Institute of Isotope Geology at San Diego State University. A 1-cm 3 aliquot of the interstitial water sample was taken from a shipboard-sealed vial and centrifuged to ensure that no solid materials were present. A100-µL aliquot was pipetted from the centrifuge tube into a PFA Teflon beaker and dried. The dried sample was dissolved in 2.5 M HC1 and loaded into a Dowex 50W-8X, 100-mesh cation exchange column (quartz, ~4 cm 3 ). The Sr fraction was eluted with 2.5 M HC1 and evaporated to dryness. The separation process was repeated with a "cleanup" column (TFE, 0.75 cm 3 ) loaded with Dowex 50W-8X, 200-400-mesh cation exchange resin. The dried sample was redissolved in a 2.5-µL slurry of tantalum oxide/dilute phosphoric acid and loaded onto a single Re filament for isotopic analysis. Total Sr blanks were less than 200 pg for the entire procedure and are negligible. The samples were analyzed on an AVCO 30. Sr was in the range 0.007% to 0.019% (2 standard errors, n > 150).
The clay-size sediment fraction was separated from six bulk-sediment samples by settling in double-deionized water. The mineralogy of the bulk solids was determined by petrographic microscopy and X-ray diffractometry. Clay mineralogy, using the <2-µm size fraction, was determined by comparing the (001) and (060) reflections of air-dried, glycolated, and heat-treated (325° C and 550°C) clay mineral diffraction patterns (Brindley and Brown, 1980) . Bulk sediments were air-dried with salts intact. Corrections for the salt content of air-dried bulk sediments are determined by measurement of dissolved chloride from 1 g of sediment stirred in 100-mL double-distilled water, with corrections based on the ratio of salt relative to chloride. Bulk sediments and clay-size-fraction separates were prepared for analyses by lithium metaborate/hexaborate fluxed fusion at 1000°C, followed by dissolution of the glass bead in IN HNO 3 . Chemical analyses were performed on dissolved sediments by atomic absorption spectroscopy (Ca, Mg, Na, K, Fe, Cu, and Zn) (± 3%) and colorimetric spectroscopy (Si, Al, and Ti) (± 4%). Some trace elements (Co and Cr) (± 2%) were determined on bulksediment solids by neutron activation.
Carbonate nodules from three intervals (Cores 128-799A-5IX, 128-799B-18R, and 128-799B-21R) were hand-picked from the bulk sediment. Each nodule was washed and ultrasonically treated to remove adhered clay particles. The nodules were then slightly crushed and hand-picked under an 8-power binocular microscope to separate clean carbonate fragments. One portion of each crushed, hand-picked carbonate nodule fragment was analyzed by X-ray diffraction to determine mineralogy. Another portion of each of the crushed fragments was weighed and dissolved in 10% ultrapure HC1. Fe, Mn, Ca, and Mg concentrations (± 3%) of the dissolved carbonates were measured by atomic absorption spectroscopy.
RESULTS AND DISCUSSION
Interstitial Water
Interstitial water chemical compositions within the upper 15 m of sediment at Site 798 and within the upper 45 m of sediment at Site 799 are dominated by early diagenetic processes related to sulfate reduction accompanying the early stages of organic matter decomposition (Tables 1 and 2 ; Fig. 2 ). Sulfate drops to nearly zero by 10 mbsf at Site 798 and by 28 mbsf at Site 799 (Fig. 2) . Variations in salinity largely reflect a net change in the sum of major dissolved ions. Decreasing salinity (Fig. 2) in the upper 13 m (from 34.5 to 33.7 g/kg) and upper 36 m (from 34.0 to 32.0 g/kg) at Sites 798 and 799, respectively, reflects decreases in dissolved sulfate within the zone of intense sulfate reduction. Increasing salinity below the zone of intense sulfate utilization reflects the progressive addition of metabolites from the decomposition of organic matter. Organic matter degradation accounts for increases in alkalinity to 71 mM at 149 mbsf at Site 798 and to 42 mM at 73 mbsf at Site 799 (Fig. 2) . Methanogenesis below the zone of sulfate depletion is indicated by a rapid rise in methane concentration, from 56 mg/L at 1.5 mbsf to near 65,000 mg/L at 22.8 mbsf at Site 798 and from 14 mg/L at 25 mbsf to near 155,000 mg/L at 44 mbsf at Site 799 . Changes in dissolved manganese concentration in the upper 10 m at both sites (Fig. 2) may be related to redox-controlled manganese cycling in near-surface sediments associated with the zone of bacterially mediated sulfate utilization (also see von Breymann, this volume.) The release of phosphate during the early stages of diagenesis and organic matter decomposition is indicated by increases in dissolved phosphate concentrations, at 60 and 36 mbsf at Sites 798 and 799, respectively (Fig. 2) . Phosphate maxima overlie the zone of phosphate removal (to near zero by 300 mbsf at both sites). Increases in dissolved ammonia with depth ( Fig. 2) are also the consequence of organic matter decomposition.
Decreasing dissolved calcium concentrations that accompany increasing alkalinity suggest that inorganic carbonate is forming between near-surface sediments and 70 mbsf at Site 798 (Fig. 2) . The decreasing dissolved calcium concentration from near surface to 220 mbsf at Site 799 is less apparent. Well-formed carbonate rhombs are observed as shallow as 5 mbsf at Site 798 and 12.5 mbsf at Site 799 . Steady increases in dissolved strontium concentration from the near surface to about 450 mbsf (Fig. 2 ) may indicate the release of strontium to the interstitial water accompanying biogenic carbonate recrystallization. The strontium concentrations in interstitial waters below 450 m are variable, and indicate a generally decreasing trend below 450 m. (Also see subsequent discussion of interstitial water dissolved strontium concentration and Sr isotope values.)
Chloride concentration remains nearly constant in interstitial waters from near surface to about 300 mbsf (Fig. 2) . Dissolved silica and potassium (Fig. 2) concentrations show a slight increase and decrease, respectively, whereas lithium and pH (Fig. 2 ) remain nearly constant above 300 mbsf. The increase in silica concentration is associated with biogenic silica dissolution and ash alteration.
Changes in interstitial water chemical composition at intermediate depths (below about 70 mbsf at Site 798 and below about 200 mbsf at Site 799) indicate that sediment lithification, including dolomitization and the transformation from opal-A to opal-CT, are active processes. Evidence observed in interstitial water chemical compositions that support dolomitization includes magnesium removal and calcium release, and associated maxima in the Mg/Ca molar ratios at 70 and 220 mbsf at Sites 798 and 799, respectively (Fig. 2) . Dissolved silica and lithium concentrations increase below about 250 mbsf at both sites, suggesting the dissolution of opal-A. The transition from opal-A to opal-CT is indicated by the onset of decreasing dissolved silica concentration in interstitial water below 370 mbsf at Site 798 and at 380 mbsf at Site 799. It should also be noted that volcanic ash is abundant in the upper 450 m of sediment at Site 799 . Changes in dissolved silica may be influenced by ash alteration.
Interstitial waters from the lowermost sediments sampled at both sites are marked by decreases in alkalinity, silica, potassium, and ammonia, increases in dissolved calcium, and variable to decreasing concentrations of salinity, chlorinity, and strontium. The changes in interstitial water chemistry, which are more distinct at Site 799 than at Site 798, coincide with low-porosity and high-bulk-density layers composed of dolomite and opal-CT . These low-permeability layers below 450 mbsf impede, to some extent, diffusive communication with the fluids of the overlying interval.
Strontium isotopic results from Site 799 are shown in Table 3 (Ingram and DePaolo, 1985; DePaolo, 1986; Hess et al., 1986; McKenzie et al., 1988 . Though 198 individual ash layers were deposited during the Miocene through late Holocene, only 25 ash layers were recovered below 450 mbsf at Site 799, and no ash layers were observed between 470 and 560 mbsf ; also see Pouclet et al., this volume).
Interstitial water oxygen, deuterium, and carbon isotopic ratios for Site 799 are given in Table 3 and isotopic distributions are shown in Figure 3 . The carbon isotopic signature of these fluids (ranging from -5 o/ oo to -23 o/oo) can be attributed to processes related to organic matter degradation. Oxygen and deuterium isotopic ratios show significant shifts toward lighter values (from 6
18 O of -1.5 o/oo at 220 mbsf to -3.8 o/oo at 408 mbsf andδD of-3 o/oo at 220 mbsf to -13 at 408 mbsf) in interstitial waters below the low-permeability layers.
There are several possible mechanisms that would explain the observed interstitial water compositional changes that mark these lowermost intervals. One mechanism is the preservation of connate brackish water below low-permeability units as a source of low-salinity fluids observed at both Sites 798 and 799. Eustatic changes associated with glacial/interglacial cycles and/or tectonic changes in the Japan Sea basin/ridge configuration may have isolated local basins from communication with the open ocean and allowed the freshening of basin waters . Based on geophysical evidence, Tamaki (1988) suggested that the topographic highs (Yamato Rise) that flank Kita-Yamato Trough may have been at or above wave base and represent wave-cut platforms. Neogene freshwater sediments on the northeast flank of the Yamato Rise have been inferred from micropaleontological evidence (Burckle and Akiba, 1978) . Common plant debris, biotite, and immature sands within turbidite units in units below 1010 mbsf indicate that Site 799, within Kita-Yamato Trough, was near an island or continental shoreline within the complex of basins characterizing the early Miocene paleogeography of the Japan Sea . This combined evidence allows one to postulate that the Kita-Yamato Trough may have been flanked by a subaerial landmass and may have accumulated fresh or brackish water. Another possible scenario that would allow accumulation of brackish water below the low-permeability sediments would be the migration of meteoric water from nearby subaerial regions through the porous sand units observed in the Site 799 sediments. Though evidence other than the presence of low-chloride interstitial waters in the lower sediments is not available, Oki Ridge (Site 798) may have experienced isolation from the open ocean and accumulated brackish water.
On the basis of biostratigraphy, benthic foraminifer stable isotopic signatures, and sedimentological evidence from piston cores collected at several shallow sites in the southern Japan Sea, Oba (1990) described paleoenvironmental changes in the Japan Sea over the last 85,000 yr, which include freshening events. He suggested that these freshening events may be related to Quaternary glacial/interglacial cycles that involve changes in meteoric water runoff from the Asian continent, coupled with eustatic changes and the temporary isolation of the Japan Sea from the open Pacific. During the Miocene, localized tectonic rather than global eustatic changes may have had similar results.
Miocene sediments were recovered from the lower sections of Site 799, but only Pliocene-Pleistocene sediments were penetrated at Site 798. If a Miocene source for brackish water is preserved below the depth of penetration at Site 798, slow diffusive exchange across the low-permeability units penetrated in the lower sections of Site 798 would allow the concentration gradients observed to be maintained.
Another mechanism that might explain low-chloride interstitial fluids is diagenetic reactions that involve the release of structural bound water from clay minerals and/or opal-A. Opal-A can be between 7 and 12 wt% water (Knauth, 1973; Keene, 1976) . Clay mineral water contents are extremely variable and can be as high as 10 wt% water (Brindley and Brown, 1980) . Release of water by opal-A/opal-CT transformation and/or clay mineral recrystallization can significantly dilute formation fluid. On the basis of loss-on-ignition (LOI) analyses of bulk solids (little observable downcore changes in clay water content and mineralogy and little or no change in bulk sediment and clay-size fraction K/Al molar ratio with depth; Tables 4, 5, and 6), there is no convincing evidence of significant clay mineral dehydration in these sediments.
The following exercise is a mass-balance calculation that predicts the possible dilution effect of opal-A-derived chloride-free water on interstitial water containing 540 mM chloride if 1 cm 3 of typical Site 799 opal-A-bearing sediment would expel all opal-A structural water. Sediments from the opal-A-bearing units at Site 799 contain about 20% opal-A (based on experiments by Burckle et al., this volume) . In the upper portions of Hole 799A, sediment porosity is about 70%. Below the opal-A/opal-CT transition, porosities decrease to below 50% and as low as 12% . We have chosen to use 70% porosity for the following calculation because that would be representative of the original sediment/fluid ratio before diagenetic transformation. Measured grain densities for these sediments are about 2.5 g/cm 3 ) and the density of seawater is 1.023 g/cm 3 . From this, and relative masses of sediments and water in 1 cm 3 of sediment, we can calculate as follows: , 20% is opal-A, containing up to 12 wt% water (Keene, 1976) . Thus, (0.750 g solid) (20%) (12%) = 0.018 g chloride-free fluid that can be added to the interstitial fluids from 1 cm 3 sediment. The percentage increase of chloride-free fluid can be calculated as follows: 100(0.0180 g)/(0.716 g + 0.018 g) = 2.5% From the latter calculation, one could expect no more than 2.5% dilution of interstitial water chloride concentration from opal-A-released chloride-free fluid. Interstitial water chloride concentration in the upper 200 m at Site 799 is near the Japan Sea seawater value, 540 mM. Below the opal-A/opal-CT boundary, interstitial water drops to as low as 501 mM chloride. The change in chloride concentration is greater than 7%, more than twice what one would expect from opal-A water release. If one does a similar calculation using a porosity of 50%, as is observed at Site 799 below the opal-A/opal-CT transition, the dilution from interstitial water chloride concentration from opal-Areleased chloride-free fluid would be 5.5%, still lower than one would expect from opal-A water release.
One could do a similar calculation for water that might be released from clay mineral dehydration. Assuming a maximum water loss of 10% (Brindley and Brown, 1980) and assuming 20% of the starting sediment is clay minerals (based on the quantitative settling of Core 128-799A-1H, 16.5 mbsf), and 70% initial porosity, the percentage mass of fluid released to mass final volume is 2.05%. Even if one invokes the sum of opal-A plus clay-mineral released water, the total is near 5%, still less than the observed chloride dilution in the interstitial waters below the low-permeability units at Site 799. As noted above, there is no convincing evidence of significant clay mineral dehydration in these sediments. Another avenue through which one might distinguish between dilution contributions from opal-A and/or clay mineral diagenesis and connate brackish water is oxygen and hydrogen isotopic ratios. One would expect mixtures of local freshwater and seawater to fall on the meteoric water line of Craig (1961) (Henley et al, 1984) (Fig. 4) . Interstitial waters from Site 799 show a general trend toward lighter δD and δ 18 θ with depth (Table 3 ) and much lighter values at and below 400 mbsf. This suggests that they might have been influenced by some component of freshwater and seawater mixing. However, if the marine interstitial waters were affected only by dilution with meteoric waters (i.e., if the chloride signature in the lower parts of the hole is that of connate brackish water) then the isotopic signatures should plot closer than they do to the meteoric water line (Fig. 4) . That is, all but one sample analyzed exhibit relatively heavy δD for the measured δ 18 θ or relatively light δ 18 θ for measured δD. Some process other than simple mixing between local fresh water and seawater must be influencing the interstitial water isotopic signatures.
Oxygen isotope values in cherts range between +10 and +40 (Kolodny and Epstein, 1976; Field and Fifarek, 1985) . Fluids expelled from opal-A by the opal-A/opal-CT transformation have lighter oxygen isotope values than the cherts themselves, but are still heavier than SMOW (Matheney and Knauth, 1989) . The data presented in Table 3 indicate that the oxygen isotope values measured for the Site 799 interstitial waters have relatively light δ 18 θ, lighter than SMOW. Thus, these data cannot be explained by invoking opal-A/opal-CT diagenesis, nor entirely by freshwater/seawater mixing.
Sediments
Interstitial water chloride distributions suggest that shallow ridges in the Japan Sea may have experienced an episode of low-salinity conditions, perhaps as brackish water lakes, during the Miocene. In order to further investigate the possibility of Miocene age brackish water lake sediment accumulation, we measured the major element molar ratios and minor and trace elements in the bulk and clay-sizefraction sediment and in carbonate nodules.
Bulk Sediments
According to shipboard observations and analyses, surface sediments at both Sites 798 and 799 are dominated by biogenic components, such as biogenic carbonate and biogenic silica . Ash layers are abundant in the upper 400 m and become less abundant with depth ; also see Pouclet et al., this volume). Dolomite occurs as hard dolomite-cemented layers below 383 mbsf at Site 798 and as concretions and dolomite-cemented layers below 200 mbsf at Site 799 . Shipboard X-ray diffraction analyses document the presence of opal-CT below 450 mbsf at Site 798 and below 410 mbsf at Site 799. Clay mineral crystallization is suggested by the removal of potassium and decreasing alkalinity and pH below 300 mbsf at both sites. According to X-ray diffraction analyses, large changes in clay mineralogy, clay mineral abundance, and degree of crystallinity are not observed at either site. The occurrence of opal-CT and dolomite in the sediments coincides with high-bulk-density and low-porosity layers . Major element molar ratios do not exhibit downcore variation that can be attributed to exposure to brackish water. Profiles of major element molar ratios are nearly constant, with little or no downcore variation (Figs. 5 and 6 ). Na/Al vs. depth shows a slight decrease with depth, but does not show a sharp decrease in the lower portions of the hole. Similarly, bulk-sediment trace element variations do not indicate a change in diagenetic environment salinity.
Clay-size Fraction
At relatively low temperatures of alteration where diagenetic reactions proceed, the geochemical overprint produced by brackish vs. marine diagenetic alteration is expected to be small. The bulk-sediment chemical composition would be dominated by the original pelagic sediment assemblage. The chemistry and mineralogy of authigenic precipitates would be more indicative of the geochemical system. Authigenic precipitates are expected to be small, <2 µm, and clay minerals are commonly observed secondary minerals.
Clay-size-fraction separates for six intervals from Site 799 were analyzed. The results of chemical analyses of these separates are given in Table 5 . According to X-ray diffraction analyses, the clay-size fractions of all six intervals contain kaolinite, illite, quartz, and carbonates. Carbonates contained in the clay-size fraction from the upper portions of the hole are calcite. Carbonates contained in the clay-size fraction of the lower portions of the hole are proto-dolomite and siderite. On the basis of relative peak height, the carbonates make up only a very small portion of the clay-size fraction. Major element molar ratios of the clay-size fractions do not show significant downcore variations (Fig. 7) . Metals such as Ti, Fe, Cu, and Zn decrease with depth (Fig. 7) . However, none of these elements shows marked changes across the low-permeability, high-bulk-density boundary. Thus, the clay-size-fraction geochemical signatures do not support the suggestion from the interstitial water chloride variations that the Miocene-age sediments at Site 799 have experienced a low-salinity event. However, it should be noted that interstitial water chemical signatures are much more sensitive to diagenetic and/or dilution changes than solid geochemical signatures.
Carbonates
According to X-ray diffraction analyses, carbonate nodules recovered from bulk sediments from Cores 128-799A-51X, 128-799B-6R, 128-799B-10R, 128-799B-12R, 128-799B-15R, 128-799B-17R, 128-799B-18R, and 128-799B-21R, all below the opal-A/CT-boundary, are an intimate mixture of dolomite or protodolomite (2.91 Å ^-spacing) and siderite (2.76 Å J-spacing) (also see Matsumoto, this volume). The siderite and protodolomite X-ray diffraction peaks are well defined but broad and not very sharp, suggesting that the carbonates are not well crystallized. Molar concentrations and oxide percentages of calcium, magnesium, iron, and manganese from three dissolved nodules are given -23.84, -23.88 -0.3 -3, -4 -5.34 -1.5 -1,-3 -8.11 -3.8 -16,-13 -11.47 -3.9 -14,-12 -4.1 -8,-10 -10.29 -4.3 -12,-14 Note: Two values are given where duplicate analyses were run.
in Table 7 . The presence of iron-and manganese-bearing carbonates has been described by Berner (1981) as indicative of anoxic-nonsulfidic sediments. Such diagenetic conditions occur when interstitial water sulfate has become depleted and thus prevents diagenetic sulfides from forming even though dissolved iron and manganese remain available. Under these conditions methanogenesis proceeds and dissolved iron and manganese can build up in interstitial waters. Anoxic-nonsulfidic sediments have been described in both marine and lacustrine environments (Emerson and Widmer, 1978; Martens and Berner, 1977; Martens et al., 1978; Froelich et al., 1979) . However, brackish water contains lower concentrations of dissolved sulfate. With same relative rates of bacterially mediated organic matter degradation and sulfate reduction, sulfate will be depleted more rapidly in brackish interstitial waters than in marine interstitial waters. The necessary environmental conditions for dolomite and siderite formation would occur more quickly under brackish water conditions than marine conditions. The presence of dolomite and siderite is certainly not conclusive evidence for Miocene-age brackish water. In fact, siderite has been observed in marine sediments, for instance at Deep Sea Drilling Project (DSDP) Site 148 (J. Gieskes, pers. comm., 1990) . The presence of siderite does show, however, that diagenesis of the Miocene sediments proceeded under conditions of very rapid sulfate depletion with excess dissolved iron and manganese in the interstitial waters.
CONCLUSIONS
Sites 798 and 799 can be described in terms of the geochemical processes that dominate interstitial water chemical composition. The uppermost sediments are characterized by early diagenetic processes related to organic matter decomposition accompanied by sulfate reduction, alkalinity, phosphate, and ammonia release and biogenic carbonate recrystallization. Interstitial water chemical composition below 70 mbsf at Site 798 and below 220 mbsf at Site 799 reflects dolomitization and biogenic silica dissolution. Below 300 mbsf at both sites the interstitial waters are chemically different from those in the overlying sediments. The change in interstitial water chemical composition coincides with lithologic layers of low permeability and high bulk density. The data presented in this study suggest that silica diagenesis has influenced the chemical composition of the interstitial water present below the low-permeability, high-bulk-density layers. However, silica diagenesis does not entirely account for the observed interstitial water chloride concentrations in the lowermost sediments. Miocene age connate brackish water may contribute to the observed interstitial water chemical composition.
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